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(54; SOLID ELECTROLYTE BATTERY 

(57.) Abstract: 

V ^> a solid electrolyte battery, which is excelleuv in a 

high rate discharging characteristic and a recycling characteristic (in 
the case of a secondary battery), by providing a solid electrolyte 
having good adhesiveness to an electrode formed by polymerizing and 
curing a mononser on the electrode. 

CONSTITUTIOM; A solid electrolyte battery BAl consists ox a positive 
electrode 1, a aegative electrode 2, a solid electrolyte 3, which 
siit^ii] taneously serves as a separator for separating both of the positive 
electrode J and the negative electrode 2 from each other, a positive 
electrode can 4, a negative electrode can 5, a positive electrode 
collecting body 6. a negative electrode collecting body 7, an insulating 
packing 8, and the like. The solid electrolyte is forsKed in a followiijg 
way. Slurry obtained by adding and ssixing a monomer, which can be 
polymerized and cured by employing LiPFB as a polymerizing catalyst, 
with an organic electrolyte using LiFF6 as a solute is applied on the 
positive electrode and the negative electrode. Both of the electrodes 
applied with the slurry are put together and heated, so that the monomer 
is polymerized and cured, while an organic solvent in the organic 
electro] yte is evaporated. LiC104,, LiCF3S03, liAlCld, or ca(AlCl)4 is 
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[Claim(s)j 

[Claim IJ LiPF6 To the organic electrolytic solution made into a solute, 
it is said LiPF6. Solid electrolyte cell characterised by to use the 
solid electrolyte which makes the organic solvent in said organic 
electrolytic solution coirse to evaporate while the slurry which carried 
out addition mixing and obtained the monomer in wh;jeh polymerization 
hardening is possible is applied on a positive electrode and a negative 
electrode, it considers as a polymerization catalyst, it heats after 
piling up the slurry spreading side of these two electrodes, and 
carrying out polymerization hardening of said fEonomer, 
[Claim 2] LiClOd, LiCF3 SOS, and LiAlCM Or caiciuiTi4 (AICI) To the 
organic electrolytic solution made into a solute While the slurry which 
carried out addition mixing of the monomer in which polymerization 
hardening is possible according to the polymer! xat ion catalyst and the 
poLymeri nation catalyst concerned, and was. obtained is applied on a 



[Detailed Description of the Invention] 
[000 i] 

[Industrial Application] This invention relates to aiseii oration of the 
solid eiectrolyte aiming at obtaining a solid electrolyte ceil with the 
interiaoial resistance it being detailed and sssall between a solid 
electrolyte and an electrode with respect to a solid electrolyte cell. 
[0002] 

[Description of the Prior Art] In recent years, by there being no liquid 
spill, since the solid electrolyte ceil which tsses ion eonductive 
polymers, such as polyethylene oxide (PEG) and polypropylene oxide (PPO) , 
as u t. I pv, >.tl<"'T tr Innct^ t in ^ i =t m s 

[00G3] The conventional solid electrolyte cell was produced by 
containing and obturating in a cell can, after carrying out the 
Igjiiinati.ng of the electrode produced to each liirough the solid 
electrolyte or rolling round to a curled form, 

[0004] however, in the solid electrolyte cell produced by doing in this 
way, the pressure weJ.ding of an electrode and the solid electrolyte is 

only carried out — **** it does not pass, but since adhesion is not 

good, it is easy to exfoliate, and the interfacial resistance between 
these both Is large. For this reason, if it was in the high-rate- 
discharge property and the rechargeable battery, there was a proble-a 
that a cycle property was not still better in the conventional solid 

[0005] The place which this invention is made so that it say solve this 
probleni, and is made into that purpose has the adhesion of an electrode 
and a solid electrolyte in offering the solid electrolyte cell excellent 
in a good high~rate-di seharge property and a good cycle property (in the 



case of a rechargeable battery). 
[0006] 

cell" is called hereafter. ) concerning invention according to claim 1 
for attaining the above-mentioned purpose LiPFG To the organic 
electrolytic solution made into a solute, it is said LiPF6, It heats, 
aftei' corisidering as a polymerizatioii catalyst, applying the slurrv 
<s;hich carried out addition .mixing and obtained the monomer in which 
polymerisation hardening is possible on a positive electrode and a 
negative electrode and piling up the slurry spreading side of these t\¥o- 
electrodes. While carrying out polymerization hardening of said iBononter, 
it comes to use the solid electrolyte which makes the organic solvent in 
said organic electrolytic solution come to evaporate. 
[0007] Moreover, the solid electrolyte cell ^\ . „ id > (< t-e 

hereafter. ) concerning invention according to claim 2 LiClOd, LiCF3 S03, 
and LiAiC14 Or calciu»4 (AlCl) To the organic electrolytic solution made 
into a solute While the slurry which carried out addition mixing of the 
ffionomer in which .polymerization hardening is possible according to the 
polymerization catalyst and the polymerization catalyst concerned, and 
»as obtained is applied on a positive electrode and a negative electrode. 
It heats after piling up the slurry spreading side of these two 
electrodes, and carrying out polymerization hardening of said monomer It 
comes to use the solid electrolyte which makes the organic solvent in 
said organic electrolytic solution coma to evaporate. In addition, when 
naming it the 1st cell and the 2nd cell generically beJow, this 
invention cell will be called. 

[0008] The solid electrolyte with which this invention cell comes to 
carry out polymerization hardening of the monomer in which a 
polymerization is possible under existence of a polymerization catalyst 
is used. As an example of a monomer, 1, 3-dioxolane, the 4-s3ethyl -1, 3- 
dioxolane, a tstrahyd.rofuran, and 2-oiethyl tetrahydrofuran are mentioned. 

[0009] the 1st cell setting the organic electroiytic solution — a 

solute — LiPFd although there is no need of adding a polymerization 
catalyst separately since it functions as a polymerization catalyst of a 
„ vor^i . , J (c,! setting — the organic electrolytic solution 
— .a .solute — LiClD4, hiCFS SOS, and LiAlGl4 And calciuai (AlCl)4 since 
it (..•- I _ j..< 1 t )<>iv!F ' Ox .,t h'-t — -codiatt I — .A1C13 
etc, — it is necessary to add a polymerization catalyst in addition — 
as the solute of the organic electrolytic solution — LiPF6 even if it 
is the case where it is used, in order to promote a polymerization 
reaciion ■ A1C14 etc, — you may make it add other polymerization 



[001 0.] When the case where i and 3-dioxolane is used for the 
polymerization reaction of the above-mentioned monomer is mentioned as 
an example and shown > it is as being shown in next ** 1, and the 
polyiueri nation reaction in this case is the ring opening polymerization 



[0011] 



[0012] As the organic electrolytic solution ivt this invention cell, they 
are LiPF6 as a solute, LiCI04, LiCF3 S03, and LiAiCW to the mixed 
"f>i\Oi.. v'l oi-'s.'.alc s.Uvcnls. such t'lhylene i'^'<r:af t.', vi-svlcuf 
carbonate, and propylene carboviate, these, and low-boiling point 
solvents, such as dimethyl carbonate, diethyl carbonate, 1, 2~ 
dimethoxvethane, 1, 2-diethoxy ethane, and ethoxy methoxyethane. Or 
calciiimd (AlCl) The melted solution is illustrated. 
1,0013] As mentioned above, this invention has the description at the 
point which used the solid electrolyte which was made to carry oat a 
polymerization reaction and was obtained on the electrode. So, it is 
possible to use it without a limit of the various ingredients which are 
not restricted especially about other members ivhich constitute ceils, 
such as a positive-electrode ingredient and a negative-electrode 
ingredient, are conventionally used as an object for solid electrolyte 
cells, or are proposed. 

[0014] For example, as a positive-electrode ingredient (active material), 
they are LiCo02, LiNi02, LiMn02. and LiFe02. It is mentioned as a 
suitable thing. 

[0015] Moreover, as a negative-electrode ingredient, a metallic oxide 
besides carbon .materials, such as a graphite and corks, etc, is 
illustrated. When obtaining a cell with a big discharge capacity in a 
carbon, material, d value (d002) in a lattice plane (002) side has 
[ especially a crystalline high graphite 200A or more J the magnitude 
(he) of the isicrocrystal of the direction of a c-axis desirable at less 
tlian 3. 37A. 



[Functionj .I'n this invention cell, since the solid electrolyte which was 
■imde to carry out polymerization hardening of the monomer, and was 
formed on the electrode is used, the adhesion of a solid electrolyte and 
two electrodes is good. For this reason, -even if it piles up a chaxge- 



of cyclic ether. 



[0016] 



and-discharge cycle, it is hard to exfoliate, and since ijiterfacial 
resistance is smailj it excels in a high-rate-discharge property. 
[0017] 

[Example] It is possible to change this invention suitably in the range 
which is not limited at all by the following example and does not change 
the sutxiinary, and to carry out hereafter, although this invention is 
further explained to a detail based on an example. 
[0018] (Example) The solid electrolyte rechargeable battery (this 
invention cell) of a fiat square shape was produced. 

[0019] a [positivo electrode] - — LiCo02 as positive active material the 
artificial graphite as an electric conduction agent, and 

positive electrode — the mixture was obtained, subsequently, this 
positive electrode — a mixture — ifioulding pressure 2 t/cm2 After 
carrying out pressing, it heat-treated by 250-degreeC and the positive 
electrode s^as produced. In addition, the stainless steel plate (SUS304) 
was used as a positive-electrode charge collector, 
[0020] a [negative electrode] — the natural graphite as a negative- 
electrode ingredient, and the poiytetrafluorQethylene as a binder the 

weight ratio 95:5 mixing a negative electrode — the isixture was 

obtained, subsequently, this negative electrode — a iDixture — - moulding 
pressure 2 t/Gm2 After carrying out pressing, it heat--treated by 250- 
degreeC and the negative electrode was produced. In addition, the 
stainless steel plate (S(JS304} was used as a negative-electrode charge 
collector, 

[0021] [Solid electrolyte] LiPF6 (99.9% of purity) was melted at a rate 
of IM to the acetonitrile, and the organic electrolytic solution was 
prepared. Subsequently, to 500 cc of this organic electrolytic solution, 
addition mixing of the I and 3-dioxolane (fiionomer) 50cc was carried out, 
and the slurry was produced. After applying this slurry to 10 
micro^Tseters in thickness with a doctor blade method at one side of a 
posUive electrode and a negative electrode, while heating the spreading 
side of two electrodes by superposition and 60~degreo€ for 2 hours and 
evaporating the acetonitrile, the slurry was stiffened and the solid 
electrolyte was ionised in one with two electrodes. 
[0022] [Production of a cell] These positive/negative two poles and 
solid electrolytes that were unified were contained in the cell can, and 
this invention cell BA i (cell dimension^ every direction of lOxbcfs, 
thickness of 0. Smm) of a flat square shape was produced. 
[0023] Drawin g 1 is the sectional view sho«-ing the pr'oduced this 
invention cell BA 1 typically, and this invention cell BA 1 shown in 



this drawing consists of the solid electrolyte 3 which serves as the 
separator which estranges mutually a jsositive electrode 1, a negative 
electrode 2, and these two electrodes 1 and 2, the positive-electrode 
can 4, the negat i ve-e lectrode can 5, the positive-electrode charge 
collector G, s negative-electrode chaxge collector 7, insulating packing 
8 made f.roai polypropylene, etc, 

[^"'11 T'x (! '"t v-'i^i 'uiic' i.-> ( f oi rt,\i ".u ■^h<> .-u 1" Cwiot ^ 
a positive electrode 1 and a negative electrode 2 counter through a 
solid electrolyte 3, and the positive/negative two~poles cans 4 and 5 
fon?;, and the negative electrode 2 was connected to the positsve- 
electrods can 4 for the positive electrode I through i. again J the 
negative-electrode charge collector 7 at the negative-electrode can 5 
through the positive-electrode charge collector 6, and was produced 
inside the cell can be taken out now to the exterior as electrical 
energy from the both-ends child of the positive-electrode can 4 and the 
negative-electrode can 5. 

[0025] (Bxasple of a comparison) In 250 cc (resin solid content: 10 % of 
the V 't . . t- v-"' ff- \H \ oluv t I I u^-- tl if 

resin, it is LiPF6 to acetonitrile 250cc. The slurry which Bixed and 
obtained the organic electrolytic solution melted at a rate of 0. 5M was 
applied to 10 micrometers in thickness with the doctor blade .method on 
the glass plate, was dried by 60-degreeC for 2 hours, MEK and an 

< n ^ )■ < ^ il-- 1, . I . > T > f \p~ 1 --c t 

was made to generate on a glass plate. Subsequently, where this solid 
electrolyte is put between the same positive electrode as what was used 
in the previous example, and a negative electrode, it contained in the 
cell can, and the comparison cell BC 1 was produced. 
[0026] [Discharge capacity of both cells] First, the bottoirs of a room 
temperature (25-degreeC) , and after charging to charge termination 
electrieal-potential-difference 4.-2V by 20iaA, it discharged to 

a \ ] \ \ 0 Jt" X Sil <, 1 fT<^ I 

charge termination electrical-poxenciaf-difference 4, 2Y by ZQm again, 
it discharged «-ith various currents and the discharge capacity of both 
cells was investigated, A result is shown in dra^-ing 2 . 
AtJh'^ .r. 0 r^_2 tin -.M|: vshich to -k nischar'v c !p<r to >.^i\h^ a^cc- 
the axis of ordinate, took the discharge current (mA) along the axis of 
abscissa, and showed the discharge capacity in the various discharge 
currents of both cells, and it turns out that this invention cell BA 1 
by which the solid electrolyte was really formed on the electrode from 
this drawing is compared with the comparison cell BC 1 by which the 
pressore welding of the solid electrolyte is only carried out to the 



elecxrode, and it excels in the high-rate-discharge property since the 
interfacial resistance between .both is small. 

[0028] [.Cycle property of both cells] The bottom of a room teissperature 
(2o-"degreeC} , and after charging to charge terminatioa electrical- 
potent is l-d i fi ereftcs 4,2V by 25mA, the cycle trial which makes I cycle 
the process which discharges to discharge-final-voltage 2.0V by 25M was 
performed, and the cycle property of both cells was investigated, A 
result is shown in drawl vt;^ 3 , 

[0029] It is the graph which dra w i ag_3 took discharge capacity (i-iAh) 
along the axis of ordinate, took the number of cycles (time) along the 
axis of abscissa, and showed the cycle property of both cells, and since 
this invention cell BA 1 is compared with the comparison cell BC I and 
the adhesion of an electrode and a solid electrclyte cannot exfoliate 
easily well from this drawing, it turns out that it excels in the high- 
rate-discharge property. 

[0030] Although the case where this invention, was applied to. the solid 
electrolyte rechargeable battery of a flat square shape was .mentioned as 
th,e s no v-cuu ' ^ tnp.i. m i t i ^-s » I s 

configuration of a cell is not limited. 

[0031] Moreover, although che solid electrolyte lithinm secondary 
battery which makes a lithium ion a charge carrier was mentioned as the 
example and the example explained it, this invention can be applied also 
to the solid electrolyte cell which makes a charge carrier aikaline- 
earth-metal ion, such as other alkali-metal ion, such as sodium ion, or 
calcium ion, and is not asked about wherher it is a primary cell or it 
is a rechargeable battery, either. 

J'J J 1 1 )f i t- — vn '-.■rnol^ liT a ih iL;;b l v,^ga!K 

electrolytic solution made into a solute was iised — LiCKM etc, even 

if it uses the organic electrolytic solution made into a solute, it adds 
a polymerization catalyst separately and it is made to carry out 
polymerization hardening of the monomer, it is possible to obtain the 
solid electrolyte rechargeable battery excellent in the same hi gh-rate- 
discharae property as this invention cell .BA 1 and the cycle property. 
[0033] 

[hffect of the Invention] This invention does the outstanding 

- na. ac oj-i^;iie ofi'ccl i venes> so — if it is in a rechargeable battery, 

this invention cell is further excellent also in a cycle property, while 

it is excellent in a high-rate-discharge property, since the solid 

electrolyte excellent in adhesion with the electrode which comes lo 

carry oat polymerization hardening of the monomer on an electrode is 

used. 



DESCRIPTION OF DRAfJKGS 



[Brief Description of the Drawings J 

[Dr awing ij It is the sectiorial vies^ of the solid electrolyte cell (this 
invention cell) of a flat square shape. 

i > iU ^1 jj h 1 i. )^ * 1 1 V i«. I 1- 

discharging each, ce.il. produced in the example, and the example of a 
cofflparison with various currerits, 

> V \ [ I t ij:i,tiit.v>i-'t. \ ^ I I 

produced in the example and the example of a comparison. 
[Description of Notations j 

BAJ Solid electrolyte cell (this invention cell) 



